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Cerebral vascular disease is the sudden onset brain tissue damage
and subsequent loss of brain function due to ischemia (white infarct)
or hemorrhage (red infarct). Voiding dysfunction is a common
sequela after a cerebrovascular accident (CVA). Urinary incontinence
occurs in 43.5% of CVA patients within 3 months of the event.1 In-
continence is not life-threatening, and the degree of morbidity often
declines over time. Twelve months after CVA, 37.7% of patients
continue to have symptoms of urge incontinence.1 The severity and
trend of incontinence are dependent on the severity of the stroke
and the patient’s age.1 Lower urinary tract symptoms (LUTSs),
especially storage symptoms such as frequency and urgency with or
without urge incontinence, are commonly present in the 3 months
following a CVA.2e4 Pathophysiological conditions other than CVA
can cause LUTSs in old age, such as bladder outlet obstruction (BOO),
and might lead to confusion in diagnosing and treating voiding
dysfunction in older men with a history of CVA.5,6 Foley catheter
insertion is the most common method of addressing this problem.
Involuntary detrusor muscle contractions are the most common
urodynamic ﬁnding in patients after a CVA; however, patients with
chronic CVA may have both detrusor overactivity (DO) during the
storage phase and loss of coordination of urethral sphincter relax-
ation during voiding that causes urinary incontinence or difﬁcult
urination.7,8 Detrusor underactivity (DU) and detrusor hyperreﬂexia
with impaired contractility (DHIC) are other problematic issues that
can occur in elderly patients with multiple CVAs or in the acuteddhist Tzu Chi General Hos-
n.
ciation. Published by Elsevier Taiwphase of a CVA.9,10 Some patients with chronic CVA can develop
increased urethral sphincter activity in response to the occurrence
of DO.11 Urodynamic ﬁndings can help distinguish the underlying
pathophysiology of voiding dysfunction in patients with a CVA.2. Urodynamic characteristics and interpretation
Most patients with a CVA have a small bladder capacity because
of neuromodulation after the stroke. Bladder hyperactivity induced
by a cerebral infarction is mediated in part by N-methyl-D-aspar-
tate (NMDA) glutamatergic and D2 dopaminergic excitatory
mechanisms. The use of NMDA and dopaminergic antagonists was
shown to markedly increase the bladder capacity.12 Involuntary
detrusor contractions during the bladder ﬁlling phase are usually
absent, although they can occur when the bladder capacity is
reached. Phasic DO is unusual and is less common than terminal DO
in CVA patients. Because the bladder capacity is small, patients with
chronic CVA usually do not have a normal maximum ﬂow rate in
free uroﬂowmetry; however, these patients do not experience
difﬁculty urinating. BOO is seen in addition to the small bladder
capacity in 34% of CVA patients,13 and can often be diagnosed with
the help of pressure ﬂow studies. Normal voiding pressure and a
low ﬂow rate are suggestive of nonobstruction.14
DO is the most common urodynamic ﬁnding in patients with a
CVA in the 3 months subsequent to the CVA. This results from poor
inhibition of detrusor contractions when the bladder is at capacity
(Fig. 1A) but can also occur in the ﬁlling phase. When DO frequently
occurs during the ﬁlling phase, external sphincter activity may
gradually increase to prevent urine leakage. In some patients with
chronic CVA, high external sphincter activity can obstruct the
bladder outlet during DO and cause high voiding pressure.an LLC. Open access under CC BY-NC-ND license.
Fig. 1. (A) Phasic detrusor overactivity (DO) (arrow 1) present in a patient with a ce-
rebrovascular accident. Involuntary detrusor contractions (arrow) were noted before
voiding. Pseudodyssynergia (arrowheads) of the urethral sphincter was accompanied
by involuntary contractions of the pelvic ﬂoor muscles in an attempt to prevent
leakage due to DO. The video image shows no bladder outlet obstruction except a
narrow external sphincter (arrow 2). (B) The high external sphincter activity might
have obstructed the bladder outlet during the occurrence of DO and caused a high
voiding pressure (arrow 1). After that, the external sphincter gradually relaxed, and the
patient could void with a lower voiding pressure (arrow 2).
Fig. 2. Urethral sphincter pseudodyssynergia in a patient with chronic cerebrovascular
accident. During detrusor contractions, external sphincter dyssynergia (arrow 1) was
noted before voiding was initiated. When voiding began, the external sphincter ac-
tivity decreased (arrowheads), and the patient voided with a lower detrusor pressure
(arrow 2). Unlike the guarding reﬂex, pseudodyssynergia presents even with voluntary
voiding.
Fig. 3. Prolonged detrusor contractions (arrow 1) with urethral sphincter pseudo-
dyssynergia (arrowheads) were found in a patient with intracerebral hemorrhage.
There was some detrusor hyperreﬂexia during the prolonged contractions. Voiding
cystourethrography shows a narrowed external sphincter during voiding (arrow 2).
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patient can void with a lower voiding pressure (Fig. 1B).
In normal humans, a guarding reﬂex prevents unexpected
voiding due to an increase in abdominal pressure. In CVA patients,
the external sphincter increases its activity during expected voiding
in the early phase of the detrusor contraction, and voiding cannot
be elicited (Fig. 2). This phenomenon is called pseudodyssynergia.
Unlike the guarding reﬂex, which occurs during unexpected void-
ing or increased abdominal pressure, it presents even in voluntary
voiding. Some CVA patients with pseudodyssynergia may complain
of difﬁcult urination in addition to frequency, urgency, and urge
incontinence.
In some patients with CVA, especially those with intracranial
hemorrhage, increased external sphincter activity (dyssynergia) is
prolonged (Fig. 3), and after the external sphincter is relaxed,
adequate detrusor contractility allows initiation of urination. Pa-
tients may have hesitancy, difﬁcult urination, a slow stream, and a
large postvoiding residual (PVR) volume.
In elderly patients with multiple CVAs or lacunar infarctions,
DHIC can be another problem. Patients with DHIC experience ur-
gency, incontinence, and a large PVR volume. A urodynamic study
can reveal uninhibited detrusor contractions occurring at bladder
capacity, although the detrusor pressure and ﬂow rate are low(Fig. 4). The PVR volume usually exceeds 33% of the bladder ca-
pacity, indicating that DU is present.
3. Discussion
DO is present in 50% of patients recovering from the acute shock
stage following stroke and is persistent in about 20% of chronic
stroke patients.6,15,16 Compared to DU, which is more common
following a hemorrhagic stroke, DO is more common following an
ischemic stroke. A urodynamic study is a valuable tool for post-CVA
analysis of voiding dysfunction. The most common long-term
expression of lower urinary tract dysfunction after a CVA is DO
with coordinated sphincter activity during micturition. The path-
ophysiology of DO is complex and involves both peripheral and
central nervous system factors. Increased afferent activity, a
decreased capacity to process afferent information, decreased
suprapontine inhibition, and increased sensitivity to contraction-
mediating transmitters are potential causes of DO.17 Patients with
a CVA and DO usually have urinary incontinence.
Several urodynamic studies on patients with a CVA found
external sphincter dyssynergia in 10e50% of patients.7,11,18
Fig. 4. A patient with recurrent cerebrovascular accident who presented with urgency
incontinence and a large postvoiding residual volume. A urodynamic study revealed
detrusor hyperreﬂexia with impaired contractility (DHIC). DHIC may show detrusor
overactivity and detrusor underactivity (DU). With DU, a low voiding pressure, low
ﬂow rate (arrows), and incomplete bladder emptying are noted.
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the post-stroke period.19,20 Urethral sphincter pseudodyssynergia
is characterized by voluntary contractions of the external sphincter
during involuntary detrusor contractions. This action, like the
guarding reﬂex, prevents urine leakage when abdominal pressure
increases; however, it occurs during uninhibited detrusor
contraction and voiding.10,11 External sphincter pseudodyssynergia
may lead to difﬁcult urination and premature cessation of voiding,
resulting in a lower urinary ﬂow rate and an increased PVR volume.
Among patients with a CVA, 37% have intracerebral hemorrhage.
Theurodynamic characteristics are similar to those seen after awhite
infarction; however, more severe pseudodyssynergia was noted in
patients with red infarction.21 Voiding dysfunction was found for
more than 5 years in 50% of patients with a CVA.22 Incomplete
bladder emptying and urine retention in stroke patients are associ-
ated with a signiﬁcantly higher rate of urinary tract infections.23
Urethral sphincter pseudodyssynergia develops in about 10% of
patients during the recovery phase (4e10 months after a CVA)
following a stroke.10,11 Urethral sphincter pseudodyssynergia is
characterized by voluntary contractions of the external sphincter
during involuntary detrusor contractions.12 Unlike detrusor
sphincter dyssynergia in patients with a spinal cord injury, pseudo-
dyssynergia increases in amplitude when DO occurs and decreases
when voiding begins. This phenomenon results in high detrusor
pressure and can cause impaired bladder compliance over time. The
presence of high voiding pressure in patients with a CVA and pseu-
dodyssynergia does not indicate a urodynamic ﬁnding of BOO.
Moreover, thesigniﬁcant incidenceof voidingdysfunction inpatients
with aCVAandpreexistingBOO, such asbenignprostatic hyperplasia
in men, may exacerbate symptoms of the latter condition.13
DU is another issue faced by patients with a CVA either in the
acute or chronic phase of the CVA. Eighty-ﬁve percent of patients
with hemorrhagic infarcts who have DU also have urinary reten-
tion, although DU is found in only 10% of patients with an ischemic
infarct.24,25 DHIC is a condition of mixed storage and emptying
dysfunction, which makes LUTSs more complicated and difﬁcult to
manage. Evaluation of the stroke subtype may be helpful in eval-
uating vesicourethral dysfunction and in deciding appropriate
bladder management.
4. Conclusions
CVAs have profound effects on lower urinary tract function and
occasionally result in signiﬁcant morbidity. DO after a stroke isfound in 50% of CVA patients. Urethral sphincter pseudodyssy-
nergia is present in about 10% of patients with either an infarction
or intracerebral hemorrhage. A urodynamic study can help distin-
guish the pathophysiology of voiding dysfunction in patients with
a CVA.
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